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The interference effects between an

John I. Cenmlosi

airfoil of high critical speed
with no sweepback and a nacelle of high criticsl speed mounted in -
various positions with respect to the wing were investigated. A modi-
fied NACA fuselage form 111 was used In conjunction with a modified
IVACA65-210 airfoil section. The main objective of this investi~tion
was to obtain a wing-nacelle cmnbination which has the force breelr
occurrinu at a Mach number as high as for the wing alone. ThlS
object Lve was realized throughout the Mach nuriberrange of the tests
(up to 0.7) for angles of attack up to and including !2.5° with only a
small loss in lift at a given angle of attack.

A low nacelle position with the nose of the nacelle 0.66 chord
ahead of the wing leading edge, with the upper surface of the wing
tengent to the top nacelle line, and with the nacelle center llne
parallel to the wing chord gives a reasonable compromise betwe6n loss
of llft and late drag rise. Raisinf? the nacelle from the low nacelle
Posftlon decreased the Mach num%er at which severe drag rtses occurred.
Moving the nacelle forward from this low position had li%tle effect on
the drag but increased the loss in lift. The presence of the nacelle
in the most rearward position increased the llft sli~tly. This combi-
nation, however, had the greatest drag rfse of the low position nacelles
at 5° engle of attack.

The problem of obtaining a wing-nacelle combination which has
good high-speed characteristics Is greatly Sfmpllfied by the use of
components which by themselves have good high-speed characteristics.

INTRODUCTION

The ever increasing speed of alrplenes has created a great need
for detailed information concerning the interference effects at high
speeds between *RS end nacelles end for the development of wlng-
nacelle combinations which have the force break occurring.at a Mach
number as high as for the wing alone. The Interference effects b@ween
an airfoil of high critical speed with no sweepback end a nacelle of
high critical speed mcnmted in various poeitions with respect to the
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wfng were therefore investigated at the Langley 16-foot high-speed
tunnel.

There are several effects resulting from wing-nacelle interference.
The presence of the nacelle tends to increase the velocities over the
whg, which results in a reduction in the wing critical Mach number.
This reductfon is of considerable importance because the wing normally
has a critical speed lower them that of a well des!gneiinacelle. The
effect of the wing on the nacelle is to increase the velocities and
consequently reduce the crftfcel speed of the nacelle. Thi19 effect is
not likely to be important inasmuch as the critical speed of the nacelle
alone can easily be made considerably greater than that of the wing
slone. A very large influence would be required from the wing to
reduce the critical speed of the nacelle below that of the wing. Another
important interference effect is that of the nacelle on the lift. A
change of lift in the vicfnity of the nacelle, in general, results In
an increase in induced drag for a given lift because of a poorer span
load distribution. For locally reduced lift, a greater section lift
coefficient is required over the remainder of the wing than is required
for the undisturbed fig. This change causes a reduction in the criti-
cal Mach number of the wing. At low angles of attack on a wing such as
the one used in the present investigation, this reduction is of second-
ary impor%nce because the rate of change of critical Mach n~ber with
lift coefficient is small. At–higher angles of attack where the rate
of change of critical Mach number with angle of attack is large, however,
this reduction may be of’considerable importance.

Inasmuch as the main objective of this investigation was’to obtain
a wing-nacelle combination with the force break occurring at a speed
as high as for the wing alone, it-seemed reasonable to start with com-
ponents having gocfihigh-speed characteristics. A wdlfied NACA fuselage
form 111 with a fineness ratio of 6 and a wing having a mo~ified
NACA 65-21,0 airfoil section were therefore used.

SYMBOLS

CL wing lift coefficienti-basedon wing area

CD wing drag coeffici~t based on wing area

‘n section normal-force coefficient based on wing chord

‘% nacelle incremental.drag coefficient based on maximum nacelle
frontal area

,2cT nacelle Incremental lift coefficient based onran area equal to
.

wfng.chord

c Will~ chord

times mexlmum nacelle width
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a

distance from lesding edge of wing or from nose of nacelle along
ma~or axis

free-stream velocity

free-stream velocity of sound

free-stre~ !bchnumber (V/a)

criticsl.Mach nmiber

pressure coefficient

(
Lccel stattc pressure - Free-stream static pressure

Free-stream dynemic pressure )

criticsl pressure coefficient

Reynolds nmiber based on a wing chord of 44 inches

angle of attack of wing chord line, degrees

DESCRIPTION OF MODEL

The model was mounted in the Langley 16-foot high-speed tunnel as
shown in figure 1. The wing, which was constructed of wood built around
a steel spar, completely spenned the tunnel. During the construction of
the model it becsm.eapparent that the wocden trailing edge was too flexi-
ble; therefore, 2.22 percent of the originel chord was removed from the
trailing edge. The airfoil ordfnates given in table I are based on the
original chord, whereas all other calculations are based on the actual
chord of the wtng (hk in.). The airfoil section is, therefore, referred
to as a modified NACA 65-210 section for which the modification is simply
the removal of 1 inch at tinetrailing edge of awing which originally
had a chord of 45 inches.

In order to reduce to a minimum the aerodynamic effects of wing-
surface chsnges, strips of Carborundum grains %re added to the upper
end lower surfaces of the wing at the 21-percent-chord station to fix
boundary-layer transition at this station. No Carborundum strips were
used on the nacelle.

A modified NACA fusela~e
th:s investigation because.of
and its hi~ critical speed.
wing chords were used. These
current designs of high-speed

form 111 was selected for the nacelle in
its relatively fl~t pressure distr~buticn
A fineness rntio of 6 and a length of 2.66
proportions approximate those use~ in
airplsnes. The modtfic+dNACA form 111 is

described in reference 1; ho%rever,the ordinate at the 20-percent.-chcrd
station was chanmd in the present tests to improve the fairing. The
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ordinates of the nacelle are given in table Il. The nacelle wa8
constructed so that it could be mounted on the wing in the positions
shown in figure 2. For positions B, C, D} C!.2.5,and C2C5 the nacelle

was mounted with the upper surfaces of the nscelle end wing tangenti-at
some point. b the high nacelle configuration, position C4, the lower
surfaces of the wing and nacelle were tangent.

A three-view .drawingof the model with the nacelle in position C
is shown as figure 3 and the sexaemodel configuration is shown mounted
in the tunnel h figures.4 to 6. The sides of’the nacelle under most of
the wing were vertical from the center of the body to the wing as shown
in ffgures 3 and 4. Near the leading and trailing edges these straight
sides were altered to allow the fillets shown in figures 3, 5, end 6 to
be formed. The fillet8 shown for position C were typical for all -
positions except positions C3 and A. Poeitim C3, which was a centrally

located position, had no fillets. Position A fg @hewn in figures 7 end ~,
The front fillet was eaaentklly the same as fcm po81tion C; kwever,
since the ~railing edge was considerably above the nacelle surface, a
different rear fairing.was required. The vertlcel 8fdes of the nacelle
were, therefore, extended to the rear of the nacelle as shown in
f~gure 8.

In an attempt to reduce locel pressure peaks a series ofmodifi-
c.atfcmswas made to the part of the leading edge of the wing ad@cent
to the nacelle. These alterations were made %y replacing a removable
part of the wing leading edge (fig. 3) with blocks having the sections
shown in figure 9 at orifice station 1.. The section8 of the block8
outboard of this station were detemafned by fairing W

9
a straight

line to the normal leading-edge section at a staticm 3% inches fra

the wing center line. The leading-edge modificatims were tested only
w:th nacelle position C.

Pressure orffices located on %oth the nacelle end wing are shown
in figure 3. These orifices were used on sll coni?igurat~on8.An
additional.row of orifices was installed 600 from the top of the nacelle
for pbsltlon C3. 131position C4 the row of orifices normally 600 from

the bottom shifted to 60W from the top on the opposite side because the
nacelle was inverted to obtain this position. Four additional rows of
orifices were installed between the orificee on the wing and those on
the top center of the nacelle for a few of the tests of position C.

Four.rows of orifices were used on the wing to show the large
interference effects which were snticipa-d near the nacelle. A close
spacing of the rows near the nacelle was selected inasmuch as the
interference effects were expected to diminlah rapidly with distance
from the nacell!.e.

..
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METHODS

For each configuratfo~ tests were made
of Mach number on the forces end pressures,

to determine (1) the effect
(2) the variation of criti-

cal Mach number with sngle of attack, and (3) the maximum lift charac-
teristics of the configurations. The tests to determine the effect of
Mach number were made at constant sngl.esof attack with the tunnel
speed varying frcm a Mach number of 0.15 to 0.70 (maximum speed obtainable
In tunnel). The tests to determine msxlmum llft characteristics were
made at a-Mach number of 0.2. The corresponding r ge

rnumber based on the ~-inch chord is from 3.8 x 10 to
Figure 10 shows the average variation during the tests
number with Mach number.

Critical Mach numbers of the various parts of the
by extrapolating, by the use of a method derived by G.

t
of Reynol s
13.5X 10 .
of the Reynolds

model were estimated
Temple and J. Yarwood

in a British paper of limited distribution, pressures measured at a Mach
number of 0.4. Critical Mach numbers were also obtained by using the high-
speed pressure coefficients. These results are presented as tailed symbols
to distinguish them from the values extrapolated from low Mach nurtibers.

Various coefficients used In the tests were o%tained as follows:
Incremental lift coefficients due to the presence of the nacelle have
%een based on ,snarea equal to the msximum nacelle tidth thnes the wing
chord since this area is Independent of the wing span. The incremental
drag coefficients due to the presence of the nacelle have been based
on the nacelle frontal area. The normal-force coefficients over the
wing were obtained from integration of pressure distributims. Equiva-
lent wing normal-force coefficients were obtafned at the center line of
the nacelle frmn an integration of the pressures over the center of the
upper ~d lower surfsces of the nacelle, which had been corrected for
the difference between the nacelle length and ting chord.

The wing alone and the wing with the nacelle In position C are
considered reference conditions. The results are therefore frequently
presented in more then one figure. For the purpose of simplification,
the test points are included only the first’time the curves are
presented.

The investigation was cumposed of two series of tests. Slight
differences were found between the results of the first series of tests
and the results of some of the repeat tests of the second series. In
order to reduce the effect of these .smelldifferences to a minimum,
comparisons are made a~ far as possible between tests of the same
series.
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RESULTS

Wing Alone

Results of tests of the wing alone are

.

presented in figures 11 to
16 to provide a reference condition for this Investigation. Two series
of tests were made; nmst of the original wing-alone tests were repeated
In the second series of tests. Figure U shows that the pressures from
the two series were in good agreement. When the pressure peak at the
nose of the aftioil was sharp, the actual value of the peak was not
reproduced exactly, as is shown in figure 12 at en angle of attack of
2.5°; however, the agreement obtained Is believed to be as good as can
be expected under these condltione. A reasonably good agreement was
obtained between the two series for the critical Mach number curves, as
is shown in figure 13. The stall was slightly less abrupt in the second
series than ti the first series of tests, as can be seen in figure 14.
The agreement between the other force data of the two runs was reasonably
good (figs. 14 end 15). Figure 16 shows the variation of the section
normal-force coefficients with spenwise location. Little varlatlon wae
found in spanwise distribution between the two series of tests.

Pressure Contours on Wing end Nacelle

Throughout the,discusslons of interference effects of the nacelle,
position C will be considered as the reference position since It is
included in all the nacelle Wsition variations end because it is belleved
to be the posftion preferred by most afrplene manufacturers.

The preesure contours on the upper surface of the wing end nacelle
are shown in figure 17 for nacelle position C. This figure shows that
the regions df high negative pressure are Mmited to the area of the
wing adjacent to the nacelle. At 0° angle of attack on which the peek
negative preesure coefficient is near the center of the wing chord, the
influence of the high negative pressures etiend over a considerable
width of the nacelle. The peak negative pressure Is essentially the
same at the center of the nacelle as over the undisturbed wing. Since,
however, the peak negative pressure coefficient of the wing ehlfts to
the leading edge as the angle of attack is increased and since the
nacelle and fillets cover up the high curvature of the leading edgel
the high peak negative pressure coefficient would,not be expected tu
extend over the nacelle and fillets. This condition is confirmed by
the test results shown in figure 17. The presence of’the nacelle, how-
ever, Increases the peak on the wing adjacent to the nacelle. The
influence of the nscelle over the center of the wing is mall at aU_
angles of attack. Local pressure peaks occur at the leading edge of
the wing near the nace-lle. These pressure peaks, ho%ver, are very
localized and at Oc an~e of attack are of approx~~tely the same magni-
tude as the pressures cver”the center of the wing but at higher angles
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of attack are much greater than those at any other place
It can therefore he seen that the ‘aportant Interference
considered are those of the nacelle on the wtng.

Influence of Wing on Nacelle

on the wing.
effects to he

The pressure-coefficient distributions over the nacelle for only
two typical.nacelle positions are presented (figs. 18 to 21), inasmuch
as the effect of the ting on the nacelle is not a critical factor h th9
selectton of the nacelle position. Figures Is and 19 show that for
posttion C3 tilemost negative pressures were measured by a row of

orifices 600 from the top of the nacelle. This row of orifices is very
nem the Juncture of the nacelle with the upper surface.of the wing.
For 0° angle of at~hck the nacelle peak pressure coefficient is the same
as that of the wing alone, whereas at 2,.5°angle of attack it is approxi-
mately one-half as great as that of the ting.- In position C (figs. 20
end 21) tiiepeak pressure over the top center of the nacelle was less
with respect to the wing.pressure than for position C3. The pressures

were, however, mqaswed over the center of the nacelle in this case.
The variation of the pressures over the upper surface for position C has
already been presented in figure 17. The variation of the critical Mach
number with vertical, horizontal, anflanguiar positions (fig. 22) shows
that the criticsl.speed of the nacelle in all but one position is a%ove
tilecritical speed of the wing alone. A localized area with a criticsl
speed sli@.tly lower them that for tilewing slone was observed for the
configuration tith the nacelle in the hi@ position, position C4, at an

sngle of attack of OO. This localizeflarea was on the side of the
nacelle close to the upper surface of the wing. The pressure coeffi-
cients could therefore be expected to approach those on the ting
adjacent to ‘he nacelle. Since the critical speeds of tilenacelle in
various positions were normally greater ‘t those of the wing alone,
the nacelle critical speed need not, in general, be considered in the
selection of the nacelle position.

In.fluenc,eof Nacelle on Wing

Pressure distributions over winq.- The pressu-e distributions over
the ting wltlnthe nacelle in the various positions tesLed ere shown in
figures 23 to 29 for a Mach number of 0.4 snd ~mglee.of attack of 0° ad
2.5°. X’igures23 anfl24 show pressure distributions over the wing for the
various verticsl nacelle positions. At 0° angle of attack the peak
negative pressure coefficients o-rermost of the chord a~Jacent to the
nacelle increase.iconsiderably as the height of the nacelle increased
with respect to the wing. The influence of the nacelle Aecree.sed
rapidly with distance from the nacelle. It 8hould be.noted that for the
hj.ghnacells position (position C4) at 0° angle of attack p. pressttre
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peak formed on the lower surface of the leading edge rather than on the
upper surface. At an engle of attack of 2.5° the pressures were esaen-
tlelly the same for ell nacelle positicns in the vertical variation,
with the exception of the high position C4. In this position, the

pressure peak disappeexed from the leadlng edge near the nacelle. Over
the rest of the ohord adJacent to the nacelle, the negative pressures
were considerably inoreased.

Figures 25 and 26 show the effect on the wing pressures of
varying the nacelle position horizontally. The influence of the nacelle
in these positions 1s confined lsxgely to the leading and trailing edges
at 0° angle of attack. The pressure peak, however, occurs over the mid-
chord of the wing at 0° angle of attack. At an er@le of attack of 2.5°,
the effect of nacelle position is smell over the entire chord.

The engular variatian of the nacelle position influenced only the
pressures over the Ieadlng edge. Therefore the pressure distributicxm
are presented in figures 27 to 29 for only the leading edge of the
airfoil.

Criticel Mach number of wing.- Figures 30 to 32 show the variation
of critical Mach num%er of the wing with an@.e of attack for the various
nacelle poa2tion8 tested. Th general, the main effect of the presence
of the nacelle was to reduce the range of angle of attack for high
critical Mach nudbers near the nacelle. The mid, @emilow$ and low
nacelle positionS (POsftions C3~ C2s and C, respectively) in the verti-

cal variation of the nacelle position reduce the crltfcal Mach nuuiber
at the positive &m@es of attack, whereas the high nacelle position C!4

decreases ft at the ne~tlve engl.esof attack. The high position also
reduces the peak value of crlticsl Mach number more than do the other
positlms. At angles of attack above 20 the wing critical Mach number
with the nacelle in the high position is essentially the same as that
for the ting alone. Shifting the nacelle forward increases the wing
critical Mach number at the positive angles of attack at the expense of
the critical Mach numbers at negative sngles. The importance of this
shift in renge of critical Mach number depends largely on the type of
airplane.

Decreasing the nacelle incidence by 2.5° (position C-2C50) has a

slight beneficial.effect on the critical Mach number at angles of
attack above OO. =creasing the angle of incidence by 2.5° (from
position C to position C2050) reduces the criticel Mach number at the

positive angles of attack at most of the stations. At high angles of
attack the critical Mach nvm%er measured at station 1 is ~eater than
that at other stations. This variation is appemntly due to local
separation at the juncture of the leading edge and the nacelle.

Nacelle lift and dr~.- Figure 33 shows that at 0° angle of attack
the nacelle in the midposition C3 has a slight positive lift. Lowering
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the nacelle considerably reduces the nacelle lift Increment due to the
Increase W the velocities on the underside of the *g. The nacelle
In the high position C4 contributes appreciable lift ~h~cht mike

that measured for the other positions, increases appreciably with Mach
number. At 2.5° angle of attack, however, the lift ficre~nts bec~e
more positive with increasing Mach number. At aMaoh number of about
0.7 the nacelle lift increment for the,nacelle in position C is zero.
At an eng.leof attack of 50 the lift increments =e slightly more posi-
tive than for the lower engles.

At 0° angle of attack, tie nacelle fi the ~dPosition C3 has the

lowest drag snd the nacelle h the high wsit~~ Ck h= the hf@es+-

drag. Up to the maximum Mach nwber of the test$ the effects of C~-
pressibility are small at 0° angle of attack exoept for the high posi-
tion C4. At 2.5° the low-speed drag at ell the nacelle positions but

position C4 no essentially equal. The nacelle in position C4 produces

ne=ly twice as much drag increment as the nacelle in the other ~ertical
positions. All %he configurations with the exception of position C show
a sudden drag rise below a Mach nuniberof 0.679. The nacelle in the low
posttlon C does not show eny appreciable drag rise up to a meximum test
Mach number of 0.7. The drag increment for the nacelle in the low
~sitim C Is considerably less than that for the nacelle In the semilow
position C2 or the midposition C3 at high Mach numbers for an angle of

*
attack of 5°. The high nacelle position was not tested at this angle
of attack.

m general., the results of the tests of the horiz~t~ variation ~
nacelle poslticm show that moving the nacelle forward increases the
loss in lift due to the nacelle (fig. 34). At high engl-esof attack
the high-speed drag Is greater for the most reerwa?xinacelle position D.

The results from the anguler variation tests (fig. 35) show that
the lift is greatest for the nacelle having the positive angle of
incidence, that is, Position C2.50. The dr~ at 2.5° an@e of attack,

on the other hand, is considerably less for the nacelle having the
negative angle of incidence, positton C-2C50, and consequently the

lowest lift. At high Mach numbers for em angle of attack of 2.5°,
however, the nacelle at both positive and negative angles of incidezice
had an earlier drag rise than at zero sngle of incidence.

Section normal-force coefficient.- The spsnwise distribution of tk
lift IS shown h figures 36 to 38. The section norms.L-forcecoefficient
at low angles of attack decreases at the side of the nacelle (station 1)
for the low vertical nacelle positions (fig. 36), whereas there is en
appreciable ticrease for the high nacelle position. The loss in lift
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neer the low nacelle results from the acceleration of the air past the
lower part of the ting, whereas for the high nacelle position C4 the air

is accelerated over the upper surface because of the presence of the
nacelle.

In all variations of the horizontal position (positions A, B, C,
and D) the presence of the nacelle reduced the section nomual-force
coefficients adJacent to the nacelle. (See fig. 37.) This result is
to %e expected because only low nacelle positions wwe included.
Changes in the nacelle engle of incidence (fig. 38) had little effect
on the wing sectfon normal-force coefficients.

Maximum lift characteristic8.- The influence of the nacelle position
on the low-speed maximum lift characteristics of the wing is shown in
figures 39 to 41. The results showed a loss of meximum lift for all
wing-nacelle ccmfiguratdons with respect to the ting alone. It should
be noted, however, that two wing-alone lift cumes are presented. Theee
curves, which represent results from two series o~tests, have been
compared in figure 14. Positions C4 and D (ffge. 39 and 40) show the

least effect on maximum lift-characteristics. The maximum loss in lift
is encountered with the nacelle in position C. The naximum lift of this
configuration is about 12 percent less than for the wing alone.

Leading-Edge Modifications

Tn view of the fact that mat detrimental effects of the nacelle -
particularly the critical Mach number effectm - sxise from the high
peak pressures occurring for nearly all configurations over the leading
edge of the wing adjacent to the nacelle, = attempt was made to alle-
viate these peak pressures by modificatim of the leading edge.

Leading-edge pressure distribution.- Inasniuchas the pressures
new the midchord were not seriously affected by the leading-edge
alterations, only the wing leading-edge pressures are presented. At
0° angle of attack shtfting the leading edge forwemi and slightly down-
ward from its normal position to leading-edge sections 2 and 3 reduces
the pressure peak ad~acent to the nacelle (station 1) with no appre-
ciable effect on the pressures on the underside of the leading edge at-
this station (figs. 42(a) end (b)). Pressure peaks occurring on the
underside of the leading edge at the next two stations, however,
indicate that at thfs angle of’attack,
not extend far outboard.

At a negative angle of attack the
surface exe in genersl increased (fig.
upper surface are not shown since they

leading-edge alterations ehould

peak pressures on the lower
42(c)). The presmzres over the
are not critical.
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Figure k2(d) shows that at en sngle of attack of 2.5° the ~st
forward position of the leading edge (seotlon 3) reduces the Increment
of peek pressure due to the presmce of the nacelle to half that
occurring on the normal leading edge. As can be eeen in figure 433
drooping the le.adhg edge (secticms 4 and 5) has no great influence
on the pressuree over the ~~r surface at cc= 0°, whereas the
pressures over the lower surface are adversely affected. The peaks are
considerably reduced adjacent to the nacelle at 2.5° angle of attack,
but the wtdening of the peek? which accompanied this reduction may
actually have as great a detrimental effect as the original peak.

Leading-edge section 6, which combined a large forward extension
ahd a large droop (fia. 44) chows a large negative peelcon the lower

6 without any improvement in the upper-surface at u = 0° end -1.5
surface distribution. At en angle of attack of 2.5° this section shows
the greatest improvemmt of any tested.

Critical Mach ntwiber.-The critical Mach number curves for the
leading-edge modifications (fig. 45) show that, in general, the modi-
fications gave a slight improvement in the critical Mach number at
the positive ang.leeof attaok at the expense of a considerably greater
reduction in critical Mach number at the negative eng.lesof attack.
Section 6 gave the greatest improvement at the positive angles of attack -
at the expense, however, of greatly reducing the critical Mach number at
angles of attack below about 0.5°.

Lift and drag charaoteristlcs.- The leading-edge modifications have
little effect on the lift or drag characteristics of the nacelle (figs. 46
to 48). Leading-edge section 6 is shown in figure 45(c) to delay the
critical Mach nmi%er at an angle of attack of 2.5°. Despite this delay
in critical Mach number, the drag (fig. 46(b)) showed a tendency to
break very suddenly at aMaoh number of about 0.65 as compared with the
drag of the normal leading edge, which showed no sudden breaks up to the
maximum test Mach nuniberof 0.675 for this configuration.

Maximmn lift characteristics.- The maximum lift coefficient of the
wing-nacelle combination is slightly improved by the use of leading-edge
section 3 (fig. 49(a)); leading-edge section 2 has very little effect.
The ~imum lift oharacteristice exe greatly improved by the use of the
modifications in which the leading edges have been drooped (fig. 49(b)).
The Improvements in msximmn lfft coefficient are approximately propor-
tional to the emount “ofdroop, with the leading-ed~ section 5 having
approximately the same maximum lift characteristics as the wing alone
for the sane series of teste. Figure 49(c) shows that section 6 has
approximately the same Him= lift coefficient but a more abrupt stall
than the wing alone.
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The main obJective of this investigation was to obtain a wing-
nacelle combination having the force break occurring at a Mach number as
high as for the wing alone. This ob~ective was realized for the nacelle
in position C up to the maximum hfachnumber of the tests for angles of
attack up to and including 2.5° tith only a slight loss in lift (figs. 15
Snfl33). At 5° en@e of attack the drag breaks of the nacelle for
positions A end B (fig. 34) were at a higher Mach number them for the
wing alone (fig. 15); however, these configurations had the largest
losses in lift.

The actual selection of the best nacelle position is complicated
and depends to some extent on the airplane proportion, spee~and purpose.
It is not necessarily best, in general, to select the nacelle positim
having the highesticriticalMach number, since the critical Mach numben
over small areas were not found to be indicative of the Mach number at
which severe drag rise occurs. Although positfon C had the lowest local
critical Mach number, the drag break occurred at a higher Mach nmnber
for this ccmfiguration than for most of the other configurations. The
other configurations which had late drag rises had more serious losses
in lift. PositIon C, therefore, appeare to be a reasonable aomprcmi8e
for the range of Mach number covered in this investigation. It is not
considered safe to attempt any extrapolation of the results to higher
Mach nwnbers since the critical Mach numbers were not indicative of the
drag break in the range of the tests.

The low nacelle (position C) had much better drag characteristics .
thezithe other nacelles in the vertical variation; however, this
position reduced the lift, particul.edy at low speeds. Only the low
nacelles (positions A, B, C, and D) did not have a severe &ag rise at
a Mach number of 0.68 or leas at an an@e of attack of 2.5°.

Moving the nacelle forward and rearward had little influence on the
drag characteristics for angles of attack of 2.7° end below. The lift
losses were about twice as great for the cmfiguration with the nacelle
in the most forward position as for the configuration with the nose of
the nacelle 0.66 chord ahead of the wing leading edge (position C).
The nacelle located with its nose 0.35 chord ahead of the wing leading
edge (positian D) actually ccmtributed lift; howaver, for this nacelle
positicm the drag rise at a = 5° was greater then for any of the other
low nacelle positians and might be expected to occur at a lower Mach
number at cc= 2.5° thfi for the nacelle in position C. (Data were not
obtained above a Mach number of 0.65 for this configuration.)

Tn general, changing the angular relation between the wing end
naoelle frcm position C does not appear advisable inasmuch as the test

results show an abrupt rise ti drag occurring at a lower Mach number for
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the positions where the nacelle had either a positive or negative
.ticidencethan for positicm C. At lower @es”of attack it appears ‘
feasible that a slight gain in lift may be obtained with no appreciable
influence of drag when the nacelle is given a higher angle of attack
than the wing.

The pro%lem of obtaining a nacelle position which has good high-
epeed chsm.cteristics was greatly simplified in this investigation by
the use of canpcnents which hy themselves have good high-speed
characteristics. This slnrpliflcationhas been emphasized by the fact
that the differences between many of the positions were found to be
small and hard to evaluate. The importance of selecting a nacelle
having a high critfcsl speed (well above that of the wing) is emphasized.

CONCLUSIONS

The results of the investigation for the Mach nwnber range of the
tests (Mach numbers up to about 0.7) of the interference effects between
en airfoil of high critical speed with no sweeplmck and a nacelle of
high critfcal speed nmunted in various positions with respect to the
wing indicated the follo~ ccncl~ions:

1. The problem of obtaining a wing-nacelle ccxibinatlcnwhich has
good high-speed characteristics is greatly simplified by the adoption
of components which %y themselves have good high-speed characteristics.
The importance of selecting a nacelle having a hi@ critical speed
(well a%ove that of the wing) is emphasized.

2. The low nacelle position tith the nose of the nacelle 0.66 chord
ahead of the wing leading edge, with the upper surface of the wing tsn-
gent to the top nacelle line, end with the nacelle cen$er line p~sllel
to the wing chord line gives a reasonable compromise between loss of
lift and late drag rise. No drag rise occurred in the Mach number
range of the tests at engles of attack of 2.5$0or less for this con-
figuration; and the loss in lift, particu@ly at high speeds, was
small.

3. The vertical variation of nacelle position showed that the
Mch number at which severe drag rises occurred decreased tith ip
creasing hei@t o.fthe nacelle. Sever-edrag rises occurred below a
Mach nmnber of 0.68 on all but the low nacelle positfons at en angle
of attack of 2.5°.

—

k. Moving the nacelle forward from the low position with the
nacelle nose 0.66 chord ahead of the wing leading edge had little effect
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on the drag but ticreaseflthe loss in lift. The presence of the
nacelle in the most rearward position Increased the lift slightly. The
nacelle in thfa position, however, had the greatest drag rise of the
10V position nacelles at 5° angle of attack.

59 331general, giving the nacelle either positive or negative
incidence reduced the Mach number at which the drag rise occurred.

6. The local high negative peak pressureswhich occurred on the
upper surface of the wing fillets for the low nacelle positions could
be removed at posftlve angles by drooping the leading edge of the wing
ad~acent to the nacelle; however, the removal of these peaks had no
noticeable effect on the lift end drag characteristics and usually
caused peaks on the vnder surface at small negative angles of attack.

Langley Memorial Aeronautical Laboratory
National AdvisoH Ccmmdttee for Aeronautics

Langley IHeid, Vs., November 4, 1947
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TABLE I

I?ACA65-210 mm ORDJXATES

rStations end ordinates given Inperoent of airfollchofi]

Upper surfaoe Lower surfaoe

station Ordinate Station Ordinate

o 0 0
.435 .819 & -0.719
.678 ●999 - .859

1.169 1.273 1.331 -1.059
2.408 19757 2.592 -1.385
k.898 2 .4$n 5.102 -1 ●8’59
7 ●394 3.069 7.606 -2.221
9.$94 3 ●555 10.106 -2.521

14.899 4.338 15.101 -2.992
19.909 4.938 20.091 -3.346
24.921 5 ●397 25.079 -3.607
29 ●936 5.732 30.064 ~; .7$:
34.951 59954 35.049
399968 6.067 4Q.032 -3:925
44.984 6.058 45.016 -3.868
50.000 5.915 ~o .000 -3 ●709
55.014 5.625 54.986 -3 .%35
60.027. 5.217 599973 -3.075
65.036 4.712 ;; .@& -2.652
70.043 4.128 -2 .18A
75.045 3.479 74 :95s
80.044

-~ .689
2.783 799956 -1.191

5.038 2.057 84.962 - .711
90.028 1 :;2J 89.972 - .293
95.014 94.985 .010

aloo .000 0 amu ●000 o

L. E. radius: 0.687
Slope of radius through L. E.: 0.084

%?.22 peroent of the chord was removed at the trailing edge for
this investigation.
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EStatl.ns and radii In percent of naoellekngth]

Stathn Radius StatIon Radius

o 0
1.25 I. .583 50.00 8.217
2.50 2.392 - 57.00 7.*933
5.00 39592 60.00 7.483
7.50 4.467 65.00 6.833

10.00 5.167 70.00 6.033
15.00 ; .;:; 75.00 y .100
20.00 &l .00 4.092
$?j.00 7:&83 * .00 3.092
30.00 7.900 9a .00 2.075
35.00 8.183 95.00 1.033
40.00 8.333 97 ●w .520
4’5.00 8.333 100.00 0
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Figure 2.- Nacelle positions.
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Figure 5.- !l%reequder frontview of model with nacelleinpositionC.





Figure6.- ‘l%ree-querterrem view of model with nacelleinpositionC

showing tgpics.1trailing-edgefillet.
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Figure 9.- Modified leading -edge sections at wing orifice station 1.
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Figure 12. - Variation with Ma’ch number of peak negative pressure coefficients
on wing for wing-alone condition.



NICATNNo. 1593 35 “

I I ! 1 1 I I \ I I
-2- I o 1 z 3

+ “
456” -3-2-/0/2 3 +S-6

CY G?

(a) Stationl. (b) Station2.

(c) Station3. (d) Station4.

Figure 13. - Variation of critical Mach number with angle of attack for
wing alone. Untailed symbols -refer topoints extrapolated from
M = 0.4 results.

.



36 NACA~ No. 3.593

,8

CL

.6

0

-.Z

Figure 14. - Wing -alone characteristics. M = 0.2.
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Figure 16. - Spanwise variation of normal-force coefficients for wing alone,
M = 0.4.
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Figure 17. - Pressure contoun on upper surface of wing and nacelle
with nacelle in position C. .
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(c) CL= 5°; M = 0.4.

Figure 17. - Concluded.
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Figure 18.- Pressure-coefficientdistributionsover nacelleinpositionC3. a = O; M = 0.4.
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Figure 19.- Pressure-coefficientdistributionsover nacellein positionC3. a ❑ 2.5; M = 0.4.
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(a) cc = OO. Wing -alo-ne critical NIach number is approxifitely 0.73.

Figure 22. - Variation of ficelle critical Mach number-with nacelle position.
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Figure 23. - Pressure distributions over the wing with four vertical
nacelle position= a = OO; M = 0.4.
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Figure 24. -
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(a) Station 1.

(b) Station 4.

Pressure distributions over the wing with four vertical
nacelle positions. a = 2.5°; M = 0.4.
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(b) Station4.

Figure 25.- Pressure distributions over the wing with four”horizontal
nacelle positions. a = OO; M = 0.4.
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(a) Stationl.

(b) Station4.

Pressure distrib@ions over thewing with four horizontal
nacelle positions. u = 2.5°; M = 0.4.
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Figure 27. - Pressure distributions over the upper stu%ace of the
leading edge of the wing with three angular nacelle positions.
a = Oo; M = 0.4.
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Figure 28. - Pressure distributions over the lower surface of the
leading edge of the wing with three angular nacelle positions.
a = Oo; M = 0.4.
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Figure 29. - Pressure distributions over the upper surface of the
leading edge of the wing with three angular nacelle positions.
a = 2.5°; M = 0.4.
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Figure K).- Variation of critical Mach number with angle of attack for
the wing with four vertical nacelle positions. Untailed symbols
refer to points extrapolated from M = O.4 results.
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Figure 31. - Variation of critical Mach number with angle of attack fox
the wing with four horizontal nacelle positions. Untailed symbols
refer to points extrapolated from. M = O.4_rersults.
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Figure 32. - Variation of cr~tical Mach number withangle of attack for
the wing with three angukh nacelle positions. Untailed symbols
refer to points extrapolated from M = O.4 results.
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Figure 37. - Spanwise variation of section normai-force
horizontal positions. M ❑ 0.4.
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Figure 39. - Variation of lift coefficient with angle of attack for four
vertical nacelle positions. M = 0.2. (First series of tests. )
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Figure 42. - Comparison of pressure distributions over leading-edge
sections 2 and 3 with those over normal leading edge, nacelle in
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Figure 43. - Comparison of pressure distributions over leading-edge
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(a) Leading-edge sections 2 and 3.

Figure 49, - Variation of lift coefficient with angle of attack for several
wing leading-edge sections. M = 0.2. (Second series of tests. )



86

W@ dme
.—— — – A40ce//e ~slf~bn

0 A%ce//e po51Y..tif7

L3Z

L/6

.8f

.76

(b) Leading-edge sections 4 and 5.

Figure 49. - Continued.
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(c) Leading-edge section 6.

Figure 49. - Concluded.


